Korea Aerospace Research Institute (KARI) is developing an electric-driven HALE UAV in order to secure system and operational technologies since 2010. Based on the flight tests and design experiences of the previously developed electricdriven UAVs, KARI has designed EAV-3, a solar-powered HALE UAV. EAV-3 weighs 53kg, the structure weight is 22kg, and features a flexible wing of 19.5m in span with the aspect ratio of 17.4. Designing the main wing and empennage of the EAV-3 the amount of the bending due to the flexible wing, 404mm at 1-G flight condition based on T-800 composite material, and side wind effects due to low cruise speed, Vcr = 6m/sec, are carefully considered. Also, unlike the general aircraft there is no center of gravity shift during the flight because of the EAV-3 is the solar-electric driven UAV. Thus, static margin cuts down to 28.4% and center of gravity moves back to 31% of the Mean Aerodynamic Chord (MAC) comparing with the previously designed the EAV-2 and EAV-2H/2H+ to upgrade the flight performance of the EAV-3. 
Introduction
Since Qinetiq's Zephyr 7 (Maximum Takeoff Weight 53kg, a wing span 22.5m) has successfully flown in the stratosphere, maximum Climb Altitude 21.562km, for two weeks, 336 hours July9~23 2010 [1] , High Altitude Long Endurance (HALE) Unmanned Aerial Vehicles (UAVs) are globally developing to substitute a low earth orbit satellite. HALE UAVs that are recyclable and convenient to use are targeting to stay in the stratosphere more than 5 years to compete with the satellite. In the recent years Google and Facebook take over Titan Aerospace and Ascenta to develop an electric-driven HALE UAV that can provide an internet service to Africa to create a new market for them. Following the global trends Korea Aerospace Research Institute (KARI) is also developing an electric-driven HALE UAV since 2010. Electrical Aerial Vehicle (EAV)-1 powered by fuel cell and lithium-polymer battery has developed and completed flight tests in 2011 [2, 3] . EAV-2, which is a concept demonstrator of the hybrid power system with a fuel cell, solar cell and battery, has developed and a first flight test has performed on December 2011. EAV-2 has successfully flown 22 hours in 2012 and climbed up to 5km in 2013. EAV-2H, which is a scale downed version of the EAV-3, powered by an amorphous silicon solar cell and lithium-ion battery has developed and a first flight test has performed on October 2012 [4, 5] . EAV-2H has continuously flown 25.7 hours in 2013. Also, modified version of the EAV-2H, EAV-2H+, has successfully climbed up to an altitude 10km in 2014. KARI's developed EAV series are presented in Fig. 1 .
In order to secure system and operational technologies and reduce to risk of the failure of developing a full scale solar-powered HALE UAV, the scale-downed version of the EAV-3, EAV-2H/2H+, has developed first and performed flight tests to verify the conceptual design. Based on the design of EAV-2H/2H+, EAV-3 is developed to verify a climb ability up to an altitude 20km and to demonstrate the developed system's stability and operational feasibility in the severe environment of the stratosphere.
Solar-Powered HALE UAV

History of development of HALE UAV in KARI
KARI has developed the EAV-1, a wing span is 2.4m and total take-off weight is 6.8kg, to secure system and operational technologies for the electric aircraft [3] . Based on the CFD analysis and flight tests of the EAV-1, the midsize low drag electrical long endurance UAV, EAV-2, has developed. The wing span, wing area, total take-off weight and empty weight of the EAV-2 are 6.93m, 2.09m 2 , 18kg and 11kg, respectably. In order to reduce the total drag of the EAV-2, an aspect ratio (AR) is increased from 8.5 to 20 and a low drag fuselage design and raked wingtip are applied. The total drag in the level flight of the EAV-2 are reduced with angle of sideslip, 
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In order to secure system and operational technologies and reduce to risk of the failure of developing a full scale solar-powered HALE UAV, the scale-downed version of the EAV-3, EAV-2H/2H+, has developed first and performed flight tests to verify the conceptual design. Based on the design of EAV-2H/2H+, EAV-3 is developed to verify a climb ability up to an altitude 20km and to demonstrate the developed system's stability and operational feasibility in the severe environment of the stratosphere. 35% comparing with the EAV-1 [4, 5] . After that, the solarpowered scaled HALE UAV, EAV-2H, has developed. The EAV-2H is the scaled-up version of the EAV-2, but an ultra-light weight structural design skill is employed. Even though the wing span (10.83m) and wing area (5.09m 2 ) of the EAV-2H are increased 56% and 144% comparing to the EAV-2, an empty weight (11kg) of the two aircraft is stayed same and a total weight of the EAV-2H (20kg) is only 2kg heavier than the EAV-2. The structural weight vs. wing loading of the EAV-2, EAV-2H and EAV-3 are plotted in Fig. 2 . Electric motor of the EAV-2H is driven by amorphous solar cells on the main wing and Li-Ion secondary batteries. A SG6043 airfoil that has good aerodynamic characteristics in a low Reynolds number flow (Re ~ 2.0 x 10 5 ) is selected for the main wing and NACA 0010 and NACA 0012 are selected for the horizontal and vertical tail, respectably. The volume coefficients of the horizontal and vertical tail are 0.57 and 0.028, initially [3, 5] . However, after a couple of test flights of the EAV-2H, the vertical tail volume coefficient is reduce to 0.024 to minimize a side force due to the side wind (V 1 ) and secure a directional stability at the least, sideslip angle (β) = 25° degree and V 1 = 3.54m/sec. The size of the vertical tail is reduced 15% to cut down 15% of the variation of airplane side force coefficient with sideslip angle, C yβ , and 22% of the variation of airplane side force coefficient with dimensionless rate of change of yaw rate, C yr . Also, the vertical tail to rudder ratio, C r /C v , is increased from 30% to 60% to secure the directional stability at the least, the variation of airplane yawing moment coefficient with angle of sideslip (C nβ ) = 0.0588rad -1 [6, 7] .
Based on the design experiences and flight tests of the EAV-1, EAV-2 and EAV-2H/H+, KARI's solar-powered HALE UAV, EAV-3, has designed.
EAV-3 Design Requirements
The solar-powered HALE UAV, EAV-3, design requirements are as follows:
1. Maximum take-off weight is less than 53kg. (Structure weight is 22kg, weight of Li-Ion batteries is 13kg and weight of on-board system is 18kg). 2. Be able to climb above an altitude 18km (Stratosphere flight, Temperature below -70° C). 3. Minimum energy speed in the level flight is 6m/sec and maximum speed in the level flight is less than 10m/sec in the sea level that allows the EAV-3 is able to operate and pass through a jet stream less than 15m/sec between the altitude 8~12km.
EAV-3 Power Requirements
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1. Maximum take-off weight is less than 53kg. (Structure weight is 22kg, weight of Li-Ion batteries is 13kg and weight of on-board system is 18kg). 2. Be able to climb above an altitude stratosphere flight up to the altitude 18km. A developing purpose of the EAV-3 is obtaining system and operational technologies for the electric driven HALE UAV. Thus, the main focus is aimed to the climb ability up to the altitude 18km and operate temperature below -70°C in the challenged stratosphere environment. The EAV-3 mission profile is presented in Fig. 3 . Also, the EAV-3 climb trajectory up to the altitude 18km is calculated based on the summer jet stream conditions (less than 15 m/sec) in the Goheung, South Korea. The projected radius of the flight path is 20km. The calculated EAV-3 trajectory is presented in Fig. 4 . Three modules of the mono-crystalline solar cells are attached on the wing of the EAV-3. The solar cell energy conversion efficiency (η) is 23% and the manufactured module efficiency is 21% that generates more than 1.5kWh of energy during the flight. Also, four energy density of 230Wh/kg Li-Ion battery packs are loaded in the EAV-3 that weigh 13kg total and carry 3kWh of energy. The climb time, total power requirement, battery SOC and expected solar power from the solar cells with the rates of climb (ROC) are presented in Fig. 5 . 
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EAV-3 Main Wing Design
The biggest practical limitation of designing the solarpowered HALE UAV is a wing area should be maximized to install the solar panels on the main wing. 490 SunPower mono-crystalline solar cells are used to make three modules. Size of the first and third modules is 2470mm x 950mm and second module is 4100mm x 950mm in width by height. Also, 20% of the leading edge clearance is applied to maintain a laminar flow and delay a transition point over the wing when the modules are mounted on the wing. The solar panel modules mounted on the wing are presented in Fig. 6 .
The total available power is 1.5kWh from the solar panels and 3kWh from the 13kg of Li-Ion secondary batteries. The minimum energy cruise speed in the level flight is 6m/sec and a wing root and tip chord is fixed 1300mm and 930mm, respectably. With these limitations the main wing design of the EAV-3 is optimized with following equations: mono-crystalline solar cells are used to make three modules. Size of the first and third modules is 2470mm x 950mm and second module is 4100mm x 950mm in width by height. Also, 20% of the leading edge clearance is applied to maintain a laminar flow and delay a transition point over the wing when the modules are mounted on the wing. The solar panel modules mounted on the wing are presented in Fig. 6 .
The total available power is 1.5kWh from the solar panels and 3kWh from the 13kg of LiIon secondary batteries. The minimum energy cruise speed in the level flight is 6m/sec and a wing root and tip chord is fixed 1300mm and 930mm, respectably. With these limitations the main wing design of the EAV-3 is optimized with following equations:
Maximum take-off weight (W) = 53kg, = 1.0 and = 400 counts in the level flight conditions are applied to design the EAV-3 as the same conditions have applied to design the previous EAV-2 and EAV-2H [4, 5, 6] . The SG6043 airfoil is consistently maintained for the main wing airfoil of the EAV-3. However, a 4° degree of the dihedral angle that has employed on the main wing of the EAV-2H/H+ has removed to count on the flexibility of the main wing of the EAV-3. The calculated amount of the bending in 1-G flight condition is 404mm based on the T-800 composite material that has applied to manufacture the EAV-3. The amount of bending on the flexible EAV-3 wing has same effects that 4° degree of the dihedral angle applied in the rigid wing. These effects are verified with the Advance Aircraft Analysis Software Package (AAA) [8] .
Effects on the induced drag due to change of the aspect ratios are numerically investigated by using the Fluent [9] . The numerical calculations are carried out with S-A turbulence model using patankar and spalding simple algorithm and second order upwind scheme. Dimensionless wall distance (y + ) < 1 is kept and 8~13 million meshes are used. The initial conditions employed for the CFD analysis are V = 6m/sec, Re = 5 x 10 5 and 4° degree of angle of attack ( = 1.0). The numerical results are presented in Table 1 .
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The biggest practical limitation of designing the solar-powered HALE UAV is a wing area should be maximized to install the solar panels on the main wing. 490 SunPower a general tendency that as the aspect ratio increases, the induced drag of the wing decreases and the aerodynamic performance of the aircraft is enhanced. However, the EAV-3 has the flexible wing and ultra-light weight design concept is employed. As the aspect ratio is increased, the wing span is enlarged and wing root chord is shorten. As a result, the center of gravity of the wing moves toward the wing tip and the amount of the bending is also increased that degrades the aerodynamic performance of the wing. To prevent the adverse effect a stiffness of the wing has to be increased that results the structure weight increment and makes to consume more energy in the flight. Therefore, the aspect ratio of the EAV-3 is selected 17.4 that satisfies the structure weight restriction of the 22kg and maximizes the aerodynamic performance of the EAV-3 at the same time. Also, the raked-wingtip is applied to reduce the induced drag of the wing. The raked-wingtip reduces 3.4% of the drag [10] .
The designed EAV-3 wing has the wing span (b) = 19.5m and wing area (S W ) = 21.84m 2 with the raked-wingtip and no dihedral angle. The wing is presented in Fig. 7 .
EAV-3 Empennage Design
The empennage of the EAV-3 has designed based on the EAV-2H empennage design and previous flight tests. In general aircraft design a vertical tail chord to a rudder chord ratio (C r /C V ) is limited less than 30%, but the ratio is increased up to 60% to make up the large aspect ratio and flexible wing and to cover up vulnerability due to side wind because of the low cruise speed (V = 6 ~ 10m/sec). Also, to minimize a side force due to the side wind two factors are primarily considered. One is a design guideline to secure a directional stability at the least that is the variation of airplane yawing moment coefficient with angle of sideslip, C nβ , is greater than 0.0573rad -1 [11, 12] . The other one is a vertical tail volume 
The empennage of the EAV-3 has designed based on the EAV-2H empennage design and previous flight tests. In general aircraft design a vertical tail chord to a rudder chord ratio ( ⁄ ) is limited less than 30%, but the ratio is increased up to 60% to make up the large aspect ratio and flexible wing and to cover up vulnerability due to side wind because of the low cruise speed (V = 6 ~ 10m/sec). Also, to minimize a side force due to the side wind two factors are primarily considered. One is a design guideline to secure a directional stability at the least that is the variation of airplane yawing moment coefficient with angle of sideslip, , is greater than 0.0573rad -1 [11, 12] . 
Aerodynamic and Stability
In general an airplane has typically the pitch down moment and redeems it with the horizontal tail in a level flight to secure the longitudinal stability. This notion is also applied to design the EAV-2H and EAV-3. Static margin and center of gravity of the EAV-2H are 56.6% and 25% of the mean aerodynamic chord (MAC), respectably. However, static margin of the EAV-3 is reduced 28.4% and center of gravity of the EAV-3 also moves back 31% of the MAC to reflect the two years of the EAV-2H/2H+ flight test results. As reducing the 
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Where S h ≡ Horizontal tail area, (X acV -X C.G ) ≡ Moment arm of the horizontal tail and C W ≡ Mean wing chord length.
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Aerodynamic and Stability
In general an airplane has typically the pitch down moment and redeems it with the horizontal tail in a level flight to secure the longitudinal stability. This notion is also applied to design the EAV-2H and EAV-3. Static margin and center of gravity of the EAV-2H are 56.6% and 25% of the mean aerodynamic chord (MAC), respectably. However, static margin of the EAV-3 is reduced 28.4% and center of gravity of the EAV-3 also moves back 31% of the MAC to reflect the two years of the EAV-2H/2H+ flight test results. As reducing the static margin lift to drag ratio, L/D, is improving that is enhancing the performance of the EAV-3. Also, based on the preliminary design studies with the AAA [8] when the center of gravity of the EAV-3 is located at 25% of the MAC, the all moveable horizontal tail has to deflect to -5° degree to redeem the pitch down moment in the level flight. However, when the center of gravity moves back from 25% to 31% of the MAC, the required horizontal tail deflection is less than -2° degree. Thus, the trim drag due to the horizontal tail deflection can be minimized in the level flight. The trim drag increments due to the horizontal tail deflections are numerically inspected with the Fluent. The generated grids and numerical results are presented in Fig. 8 . ~ 10. The sizing and schematic drawing of the EAV-3 are presented in Table   2 and Fig. 11 .
The EAV-3 sizing and aerodynamic and stability derivatives are preliminarily designed and checked with the AAA. Also, aerodynamic and stability derivatives are numerically verified with the Fluent. The initial flight conditions are V = 6m/sec and altitude = 300m. The longitudinal and directional stabilities are initially judged with the sign (+/-) of the coefficients. As the angle of attack or pitch rate is increasing, the pitching moment of the EAV-3 is becoming more negative. Thus, the static margin lift to drag ratio, L/D, is improving that is enhancing the performance of the EAV-3. Also, based on the preliminary design studies with the AAA [8] when the center of gravity of the EAV-3 is located at 25% of the MAC, the all moveable horizontal tail has to deflect to -5° degree to redeem the pitch down moment in the level flight. However, when the center of gravity moves back from 25% to 31% of the MAC, the required horizontal tail deflection is less than -2° degree. Thus, the trim drag due to the horizontal tail deflection can be minimized in the level flight. The trim drag increments due to the horizontal tail deflections are numerically inspected with the Fluent. The generated grids and numerical results are presented in Fig. 8 . ~ 10. The sizing and schematic drawing of the EAV-3 are presented in Table 2 and Fig. 11 .
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